fections were experimental (Table I) and 50 occurred naturally (Tables 11 and 111) . T'oxoplusmu gondii were isolated and/or demonstrated in all cases reported in this study. Isolation in this report refers to the mouse inoculation technic described by COLE ct aL4. Demonstration refers to thc identification of extracellular and intraccllular forms of T. gondii in tissue sections stained with hematoxylin and eosin (H & E). The age recorded for the experimental animals is the age at the time of inoculation (Table I) . Six dogs were inoculated with a pooled organ suspension from infectcd mice. The remainder of the experimentally infected dogs were inoculated with approximately 1.6 x 106 T. gondii (RH strain) propagated in the peritoneal cavity of mice. ' The lungs were fixed in 10% buffered formalin and multiple sections werc cut from areas with macroscopic lesions. Thc tissues were embedded in paraffin, sectioned at 6p and stained with hematoxylin and eosin. Special staining and histochemical technics used were Masson's trichrome, Giemsa, Wilder's reticulum, Shorr's triple stain and the periodic acid-Schiff reaction.
Results

Experimental Toxoplasmosis
Death or Euthanasia Within I6 
D q s after Infection
Of the 18 dogs included in this group, 17 were one year of age or less, and one dog was 2.5 years old (Table I) . Following the inoculation of T. gondii, 16 dogs developed a severe fatal disease and two were humanely killed in the terminal phase of infection. Prominent clinical signs included a nasal and ocular discharge, polypnea, dyspnea, pulmonary riiles, diarrhea and depression. Macroscopically the lungs were hyperemic and had areas of consolidation with small gray-white foci of necrosis beneath the pleura and throughout the parenchyma.
A serosanguineous exudate was present in the trachea, bronchi and pleural cavity in varying amounts, and the bronchial lymph nodes were moderately enlarged.
Microscopic lesions were present in the lungs of all 18 dogs. Those in the lungs of 6 dogs dying as early as the fourth and fifth day after intravenous inoculation consisted of circulatory disturbances. The lungs were severely hyperemic and edematous. Alveolar walls throughout the lung were thickened by the swollen septa1 cells and by capillaries packed with erythrocytes. The alveolar lumens, perivascular and peribronchiolar spaces were distended with a densely acidophilic, proteinaceous fluid, and a few erythrocytes. Degenerative changes 
gondii in organs other than lung were found in the walls of small pulmonary vessels which varied in severity from swelling of endothelial cells to complete destruction of vessel walls. The bronchi and bronchioles contained desquamated epithelial cells, mucus, erythrocytes and cellular debris. Interspersed throughout the parenchyma were small (approximately 0.4 mm), poorly delineated foci of coagulation necrosis of alveolar walls and fibrin exudation. Degenerative changes within these foci were mild as the tissue architecture and cellular outlines were discernible ; however, the nuclei were pyknotic and the cytoplasm stained densely acidophilic.
Toxoplasma gondii were present in the areas of necrosis and within adjacent septal and endothelial cells. Pleural mesothelial cells overlying the foci of necrosis were swollen and the subpleural lymphatics were dilated with lymph and occasional erythrocytes.
The lesions in the lungs of dogs dying between the fifth and eighth day after inoculation varied depending upon the route of inoculation of T. gondii. Dogs inoculated subcutaneously had lesions similar to those inoculated intravenously ; however, the degree of hyperemia was less severe and the foci of necrosis were more prominent. The focal areas of coagulation necrosis were dscrete and measured 0.2-0.8 mm in diameter. These areas were located around small vessels, adjacent to respiratory bronchioles and alveolar ducts or immediately beneath the pleura (Fig. 1) . The contiguous pleura was edematous and infiltrated by occasional lymphocytes and histiocytes. The walls of the adjacent vessels and bronchioles had degenerative changes involving all layers, and portions were completely destroyed by the necrotizing process (Fig. 2) . The inflammatory response to the areas of necrosis was minimal. Toxoplasma were located extracellularly in the foci of necrosis as well as in the walls of vessels ( Fig. 3) , bronchioles and subpleural connective tissue ( Fig. 1) . Intracellular forms of the parasite were seen withm septal cells, vascular endothelial and smooth muscle cells, and pleural mesothelial cells. H & E in this and all subsequent photomicrographs. x 430. Dogs inoculated intratracheally had more extensive and severe pulmonary lesions with uniform involvement of a large portion of the lung. The bronchial and bronchiolar epithelium was edematous and necrotic with extension through the wall into the peribronchiolar connective tissue. Lymphocytes, liistiocytes and neutrophils were present in all layers of the damaged wall. In addition, there were large (5 mm in greatest diameter), poorly demarcated areas of coagulation necrosis and iibrin exudation, edema and hemorrhage in the lung parenchyma. Following intratracheal inoculation, T. gogalzdii were present in larger numbers in the lung than after intravenous or subcutaneous inoculation.
Focal areas of necrosis were encountered occasionally in dogs which died between the 12th and 16th day after inoculation. Accumulations of septa1 cells and lymphocytes were found along bronchioles and alveolar ducts. One dog (No. 18) had a suppurative bronchopneumonia with large (4.0 mm in greatest diameter) areas of coagulation necrosis and fibrin exudation.
Toxoplasma were demonstrated in the lungs of 17 of 18 dogs which died or were killed within 16 days after inoculation. 1-+,xtracellular forms were most numerous in the early stages of the disease (post-inoculation day 4-7). Intracellular forms and small cysts were encountered occasionally in the early stages of the disease but were more numerous after p. i. d. 6.
Death or E/ithanasia afhr the 16th D g of Iyfection
The 9 dogs included in this group developed a mild transitory disease following experimental infection but had recovered before euthanasia was performed. The lesions in the lungs consisted of poorly delineated areas of liyperplasia of bronchiolar and alveolar epithelium, hypertrophy of smooth muscle, and fibroplasia with accumulations of F&, 3 4 . An area o f residual damagc and repair in thc lung of a dog with cxpcrimental toxoplasmosis (p.i.d. 60). Thc alveolar architecture has been oblitcratcd by the hypcrplasia of alveolar and bronchiolar epithclial cells, iibroplasia and hypertrophy of smooth tnusclc, Ilog No. 27. x 172. lymphocytes and histiocytes ( Fig. 4 ). They were located immediately beneath the pleura or adjacent to bronchioles and vessels. The alveoli in these areas of fibroplasia were obliterated. The contiguous pleura was thickened (0.3 mm in greatest diameter) by fibroblasts, lymphocytes and histiocytes. Many septa1 cells contained phagocytized hemosiderin and cellular debris. An interstitial pneumonia with focal accumulations of lymphocytes and histiocytes adjacent to bronchioles and vessels, and hypertrophy of smooth muscle was present in the rest of the lung parenchyma. Toxoplasma were not demonstrated in the lungs of any dogs included in this group.
Experimen fatal CoFgenital Toxoplasn~osis
The lungs of 15 pups from 4 bitches inoculated intravenously or intraperitoneally with T. gondii were studied (Table I) . The course of the clinical disease was short, lasting no longer than 4 days after the onset of clinical signs. The mortality rate was lOOyo. Pulmonary lesions were not grossly discernible in the pups killed at birth or dying within a few days. The lungs of 8 pups surviving from 6 to 71 days were diffusely hyperemic and had large areas of consolidation in the dependent portions of the lung with gray subpleural foci of necrosis extending 5 mm into the parenchyma. Toxoplasma were isolated from all pups and demonstrated in the lungs of 8 dogs.
Pups dying or killed on or before 4 days of age did not have pulmonary lesions directly attributable to the action of T. gondii. The lungs were only partially expanded. The alveolar lumens were small, variable in size and often contained a proteinaceous fluid and erythrocytes. The interalveolar walls were thickened by the presence of many mononuclear cells and were lined by a continuous layer of low cuboidal epithelium. The lungs of pups dying from 13 to 71 days of age had lesions similar to those described in the experimentally infected dogs on the 5th to 8th p.i.d. The characteristic lesions were the scattered foci of coagulation necrosis and fibrin exudation. The destruction of vessel walls, however, was more extensive in this group. Necrosis involving all layers of the vessel wall, and inflammatory cell infiltration ( Fig. 5 ) with thrombosis and/or hemorrhage were frequently observed. Extracellular and intracellular forms and small cysts of T. gundii were numerous and demonstrated in the lungs of all dogs.
Naturally Occurring Toxoplasmosis
The disease in 30 of the 50 dogs was uncomplicated toxoplasmosis based on the isolation and/or demonstration of T. gundiz and the inability to demonstrate the lesions of other diseases (Table 11 ). The dogs ranged in age from 6 weelis to 4 years. Toxoplasmosis was considered to be congenital in 6 dogs where two consecutive litters from the same bitch developed the disease.
The most Characteristic lesions in the lungs of dogs with naturally occurring toxoplasmosis were the foci of coagulation necrosis and were present. They were grossly discernible, appearing as small graywhite foci beneath the pleura and throughout the lung parenchyma ( Fig. 6) . Diffuse fibrinous pneumona, the principal lesions in 3 dogs, was accentuated around bronchioles, alveolar ducts and small vessels.
The alveolar lumens were iilled with fibrin and occasional lymphocytes, neutrophils and erythrocytes. The alveolar lining cells were swollen, and frequently detached. Early degenerative changes were present in small vessels, bronchioles, and interalveolar walls ( Fig. 7) .
Peribronchiolar and subpleural granulomas (1.2 mm in greatest diameter) were found in the lungs of one dog. They consisted of hyperplastic alveolar lining and terminal bronchiolar epithelial cells, lymphocytes, plasma cells, multinucleated giant cells and fibroblasts ( Fig. 8) . Occasionally central coagulation necrosis, fibrin exudation and hemorrhage were observed in the granulomas. Focal accumulations of histiocytes, lymphocytes and plasma cells along small bronchioles and vessels were the only changes found in another dog.
Extracellular and intracellular organisms or small cysts of T. goizdii
were demonstrated in the lungs of all 13 dogs.
The changes in the lungs of the remaining 17 dogs with confirmed uncomplicated naturally occurring toxoplasmosis were less specific than in the preceding group and T. goizdii were not demonstrated in the pulmonary lesions. A n interstitial pneumonia with randomly distributed foci of lymphocytes, plasma cells and histiocytes, and areas of subpleural fibrosis were present in the lungs of 11 dogs. These findings are compatible with the lesions previously described in the later stages of experimental toxoplasmosis in the dog. Scattered subpleural granulomas were the only findings in the lungs of 2 dogs and were compatible with the lesions produced by migrating ascarid larvae. One dog had a suppurative bronchopneumonia of bacterial etiology. Another, used in studies of homologous transplantation of canine neoplasms, succumbed from toxoplasmosis on the 100th postirradiation day. Cortisone was also given for 21 days beginning on the day irradiation was initiated. The lungs were edematous and hyperemic. coagulation necrosis and fibrin exudation, located along or surrounding small vessels or bronchioles, were usually 0.2-1 .0 mm in diameter but occasionally were as large as 4 mm in diameter (Fig. 9) . The walls of vessels and bronchioles in close proximity to this necrotizing process were severely damaged. The inflammatory response to the areas of necrosis was minimal. A mild hyperplasia of alveolar lining cells and distention of capillaries resulted in thickened interalveolar septa between the focal lesions. A focal or diffuse fibrinous pneumonia was the principal lesion in the lungs of 3 dogs. Extracellular T. goolidii were frequently found near the periphery of the necrotic foci. lntracellular organisms were present within vascular endothelial and smooth muscle cells, septal cells, and smooth muscle cells of adjacent bronchioles (Fig. 10) . The mild hyperplasia of alveolar lining cells and the occasional inclusion bodies found within septal and lxonchiolar epithelial cells were considered to be caused by the distemper virus.
A proliferative type of interstitial pneumonia, similar to that found in dogs with uncomplicated distemper, was the predominating lesion in the lungs of 3 dogs. The lesion was either focal or diffuse in distribution. When focal in nature it was accentuated in peribronchiolar, perivascular or subpleural locations. The interalveolar septa were thickened as a result of the striking hyperplasia of alveolar lining cells, many of which had desquamated and were free within alveolar lumens. Distemper inclusion bodies were numerous within alveolar lining and bronchiolar epithelial cells.
Lesions of toxoplasmosis and distemper of approximately equal severity were found in the lungs of 2 dogs. The proliferative pneumonia was complicated by an intercurrent suppurative bronchopneumonia. Focal areas of coagulation necrosis and fibrin exudation were present throughout the lungs. A suppurative bronchopneumonia (2 dogs) and a mild interstitial pneumonia (1 dog) were the principal lesions in the remaining cases. 
Discussion
In canine toxoplasmosis, the lungs as other visceral organs were infected during the stage of parasitemia which occurred on the 2nd through the 10th day following experimental infection of dogs with virulent T. gondii by oral and parenteral routesl3. The initial lesions in tlie lungs were confined to tlie vascular system. The alveolar capillaries were congested and endotlielial cells were swollen. Toxoplasma invaded vessel walls and were present within endothelial and smooth muscle cells. Vascular permeability was increased as evidenced by the edema, erythrocytes and fibrin within alveolar lumens and dilated perivascular spaces. Toxoplasma migrated through the damaged vessel walls into the perivascular connective tissue and lung parenchyma, where they proliferated, resulting in necrosis of preexisting tissue. Small foci of coagulation necrosis and fibrin exudation, related to damaged vessels, were the first characteristic lesions of toxoplasmosis in the lungs of experimentally infected dogs and were present in animals dying as early as the 4th day following infection. The inflammatory response to the areas of necrosis was minimal, consisting of a few lymphocytes and plasma cells near the periphery. From the 4th through the 13th day after experimental infection the foci of necrosis enlarged and the exudation of fibrin was more extensive.
Toxoplasma were demonstrated in the lungs of 94%) of experimental dogs dying on or before the 16th day after inoculation. Toxoplasma did not survive in the lungs after the 16th day. The animals developed an effective antibody titer (1 : 16 -1 :4096) which resulted in destruction of the parasite. Subsequent to the disappearance of toxoplasma and further tissue destruction there was evidence of attempted repair of the defects in the lung parenchyma. The focal areas of fibroplasia with neocapillary formation, mononuclear cell accumulation, and smooth muscle hypertrophy, however, indicated tlie residual damage of the lung.
The characteristic discrete foci of coagulation necrosis, often grossly discernible, were striking. The mechanism by which toxoplasma produces necrosis of tissue is unclear ; however, the parasite has been reported to elaborate a toxin in vivo38 which conceivably could exert a necrotizing effect. The minimal inflammatory response to the areas of necrosis was another interesting aspect of the lesion. Even tlie larger areas of necrosis (4 mm in diameter) liad only a few lympho-cytes and histiocytes near tlie periphery, suggesting that some product of the parasite may exert a negative chemotactic effect. The exudation of fibrin in the lung, whether focal or diffuse, appeared to be a characteristic feature of the lesions of toxoplasmosis in the dog. Our experiences plus the reports of other investigators indicate that a fibrinous pneumonia is unusual in the dogl" other than when caused by toxoplasmosis:'. A iibrinous pneumonia has also been described in spontaneous porcine toxoplasmosis19.
The influence of age on the susceptibility to both experimental and natural infection, development of pulmonary lesions, and the presence of 7'. p/m% ,in the lungs of dogs was striking. An acutely fatal disease with characteristic lesions was usually observed in dogs under one year of age. Older dogs appeared more resistant and had mild clinical signs and lesions. In dogs whose age was known and in which T. <qmdii were demonstrated in the lungs, 94%, were one year of age or less.
Congenital transmission was the tirst and remains the only contirmed route of infection in both man and animals; however, it is prolmlde that other routes of natural infection exist. Abortions and stillbirths under both natural and experimental conditions, as well as the isolation of toxoplasma from the placenta and fetuses, are evidence for the transplacental route of infectionz. Toxoplasmosis was considered to be congenital in 6 dogs where 2 consecutive litters from tlie same bitch were infected. Concurrent infections o f human beings and pets with toxoplasmosis from the same household have been reported5. Three dogs in this study were from households where one member of the family had toxoplasmosis. In naturally occurring cases of canine toxoplasmosis the finding of T. cqoiTdii within damaged bronchiolar epithelial and smooth muscle cells, alveolar lining cells and bronchial glands plus extracellularl y in areas of necrosis of bronchiolar and alveolar walls suggests a possible means of spread of toxoplasma. Respiratory droplets or saliva from a dog with pulmonary toxoplasmosis conceivably could be a source of infection for members of the household in close contact, since the disease in both animals and man is caused by the same parasite. The ability to experimentally infect animals by intratraclieal7, :xi and intranasal'?? 3 1 32 inoculation, and by aerosol exposure14 suggests the respiratory system may be a possible route of acquiring toxoplasmosis.
Naturally occurring toxoplasmosis was complicated by distemper in 40(yu of the dogs studied. Simultaneous infections of dogs by these c A P E N / c 0 L E two diseases has been observed by other investigators 1 , 8, 11, 18 By comparing the pulmonary lesions in these 20 cases with our findings in 72 cases of experimental or uiicomplicated naturally occurring toxoplasmosis certain changes could be ascribed to each etiologic agent. The focal areas of coagulation necrosis and fibrin exudation were caused by T. gopondii . A proliferative type of interstitial pneumonia with inclusion bodies was considered to be caused by the distemper virus since these changes were not present in the lungs of the 72 dogs infected only with T. yoizdii . It has been suggested that T. p d i i persists in the body in non-progressive foci, becoming pathogenic only when the resistance of the animal is lowered by the stress of an additional severe infection such as distemper', 18. O u r findings do not substantiate this belief, since in only 4 dogs were the pulmonary lesions of distemFer the predominant finding. Although pulmonary lesions in dogs dying of spontaneous distemper are often severe, the experimental disease produced by distemper virus in gnotobiotic dogs is mild. 1.esions were absent in the respiratory system6. In the majority of our cases the dogs were primarily infected with toxoplasma. The clinical signs of dogs with toxoplasmosis closely resembling those of distemper, resulted in their being placed in an isolation ward with cases of distemper. Subsequent exposure of an animal with a lowered resistance to the ubiquitous virus of distemper resulted in the concomitant occurrence of the two diseases. Distemper has been seen simultaneously with the other common infectious diseases of dogs ; therefore, it is not surprising to encounter distemper in dogs with toxoplasmosis.
Severe pulmonary lesions, similar to those described in our dogs, are seldom reported in fatal cases of human toxoplasmosis. In the congenital form of the disease septa1 cell hyperplasia", 41, mild interstitial pneumonia", 30941 and occasionally focal necrosis37 have been reported.
An atypical pneumonitis has been described in the adult form of the disease. 15,27328The adenomatous bronchopneumonia with focal necrosis reported in the catl6, 2 2 , 26, 35 resembled the lesions in the dog lung in some aspects. The large irregularly coalescing areas of necrosis and hemorrhage reported in the lungs of lambs aborted due to toxoplasmosisg were not found in the dog.
The findings reported in this study and in the literature suggest that the lungs are frequently involved in canine toxoplasmosis. The gross and microscopic lesions in the lung aid in establishing the diagnosis of toxoplasmosis. ' The lungs of 92 dogs with confirmed toxoplasmosis were studied. Focal arciis of coagulation necrosis, adjacent tu a n d involving small vessels and broiichiolcs, and cxudation of fibrin were the characteristic lesions produced by 7'.
'qondii in the lungs of dogs with both experimentally induced and naturally occurring infections. 'The inflammatory response to the areas of necrosis was minimal. llogs inoculated intratrachcally developed more extensivc pulmonary lesions with greatcr numbcrs of 7'. 'qundii than dogs inoculated by the intravenous o r subcutaneous route. Toxoplasma wcrc not demonstrated in the pulmonary lesions after the 16th day following inoculation.
Ilistcmpcr was a concurrent infcction in 20 cases of naturally occurring toxoplasmosis. The Icsions produccd by the two etiologic agents were distinctly diffkrcnt. Based on the scvcrity of pulmonary lesions the dogs appcarcd to be primarily infcctcd with toxoplasma. 
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